This study supports the theory that asbestos exposure may be implicated in a recent upsurge of terminal lung cancer cases in Kure, Japan. The number of asbestos bodies found in the lung during autopsy of 158 subjects from 1984 to 1986 suggests that 70.4 percent of the 51 diagnosed lung cancer cases could be attributed to asbestos exposure. Of the 107 subjects in whom death was not caused by cancer, 38.4 percent had significant asbestos exposure. Types of asbestos bodies found in diagnosed lung cancer cases were analyzed using scanning electron microscopy and x-ray analyzer. Chrysotile was the most widely found component, From 1984From through 1986, there was a significant increase in the rate of deatlh from lung cancer in Japan. This increase is particularly evident in the male population and in certain geographic areas including Kure, Japan. We previously reported a similar increase in the death rate from malignant mesothelioma and provided evidence for an etiologic relationship to asbestos exposure. In the current study, our data suggest that asbestos exposure may also be the underlying cause of the recent upsurge in lung cancer.
From 1984 through 1986, there was a significant increase in the rate of deatlh from lung cancer in Japan. This increase is particularly evident in the male population and in certain geographic areas including Kure, Japan. We previously reported a similar increase in the death rate from malignant mesothelioma and provided evidence for an etiologic relationship to asbestos exposure. In the current study, our data suggest that asbestos exposure may also be the underlying cause of the recent upsurge in lung cancer.
MATERIAL AND METHODS
In the three-year period from 1984 to 1986, autopsy was performed at Kure Kyosai Hospital on 158 patients who had resided in the city or suburbs of Kure, Japan. Fifty-one cases were of lung cancer and seven malignant mesothelioma, and 100 were noncancerous. The number of asbestos bodies iri the lung tissue of these 158 cases were counted by the modified method of Smith and Naylor.i Briefly, 1 g of lung tissue (inferior lobe without tumor involvement) was lysed in sodium hypochlorite for 48 hours. Asbestos bodies were separated by the use of equal volume (20 ml) ofchloroform (Wako) and 50 percent ethanol (Wako) and centrifuged at 180 g for five minutes. The bottom fraction was filtered on a 5-pm Millipore filter. Finally the number of asbestos bodies were counted on the filter by light microscopy (x 200).
For cases with lung cancer, we recorded sex, age, histology, lateral involvement, originating lobe, smoking history, occupational history, and the duration of asbestos exposure. Detected asbestos bodies were coated with carbon, then analyzed by using scanning electron microscopy (T-330> JEOL) and x-ray analyzer (Seiko). The type of asbestos bodies was determined according the UICC standard reference23 For identification, we measured the types and percentages of metals in the asbestos bodies and determined the kind of asbestos bodies. We analyzed at least 20 asbestos bodies in each Figure 2 shows the classification of cases with lung cancer according to sex. Of the six cases in women, two had more than 100 asbestos bodies/g. By contrast, 75.6 percent of cases in men had rnore than 100 bodies/g. The difference is statistically significant (p<O.01). All of the men had occupational histories of asbestos exposure. Figure 4 shows typical results of analysis of an asbestos body found in a lung cancer case. According to the percentages of Mg, Ca, Fe, and Si, we determined this asbestos body to be chrysotile. Some crocidolites and amosites also were found. Ordinarily we would expect to find these three types of asbestos in the same patient, but chrysotiles were the main component found in 70 percent of patieints with lung cancer.
DIscuSSION
The incidence of lung cancer, which has recently increased in Japan, has shown a pronounced upsurge in specific regions such as Kure City in Hiroshima Prefecture, particularly in male patients (Table 1) We recently' documented that the recent upsurge of incidence of malignant mesothelioma could be related to asbestos exposure.8 This is consistent with several other reports'demonstrating asbestos exposure in shipyards.9"10 In the present study we extended our work to cancer of the lunig. We evaluated 51 cases of lung cancer on whom autopsy was done in an attempt to relate the appearance of cancer to asbestos exposure. To estimate the extent of asbestos exposure, we set a limit of 100 asbestos bodies/g of lung tissue as the baseline. This measurement is high enough to compare the volume ofasbestos bodies detected in any Japanese person with asbestos exposure4"5 as well as to compare data with other reports.11"12 According to this criterion, 70.6 percent of patients with lung cancer had more than baseline asbestos exposure than 38.6 percent of noncancer patients. In addition, almost all ofthem had an occupational history of work in Japanese naval shipyards. 'Therefore, it is likely that asbe'stos exposure is an etiologic factor in the recent upsurge in lung cancer in Kure City These patients were also heavy cigarette smokers (BI more than 400), and smoking is thought to be an important factor in pathogenesis of asbestos-induced lung cancer.'134 The latency of lung cancer after 20 According to the histologic type, squamous cell carcinoma had a much higher incidence, and small cell types were rare in our series. Most cases originated on the right side, with higher incidence in the inferior lobe. Adenocarcinoma and inferior lobe origin were dominant in other reports of asbestos-induced lung cancer. [21] [22] [23] In long-term cigarette smokers, squamous metaplasia occurs and replaces the normal ciliary epithelium.24 The presence of smoking history in addition to chrysotile exposure could be responsible for this discrepancy Some investigators have indicated that the baseline number of asbestos bodies in 5 g lung tissue is less than 100.5,25-27 We think that this baseline is too low, and 100 per/1 gram lung tissue is a more realistic figure.
Geographically Kure City is surrounded on three sides by mountains and on the fourth side by the Japan Inland Sea. Since the 1920s, shipyards have been the major economic resource of the city and consequently exposure to asbestos has been universal. Because of the relative latency of asbestos-induced cancer, the upsurge in incidence of asbestos-induced cancer has been expected to peak in the 1980s, and we think that the recent upsurge in lung cancer may be explained on this basis. 
